The objective of this work was to compare the effect of different priming osmotic agents and durations on melon germination in: 1) low temperature stress; 2) saline stress; and 3) low temperature and saline stress. The osmotic agents were polyethylene glycol 6000, KNO 3 +K 3 PO 4 , CaCl 2 and NaCl, with -1.5 MPa osmotic potential. Priming durations were 3 and 6 days (d). Germination percentage (GP) and mean germination time (MGT) were measured. At 12°C the best GP was 14% with CaCl 2 /3-d, without germination in control. At 25°C the best GP was 100% with CaCl 2 /3-d. MGT was reduced one day. At -0.7 MPa GP was 100% with CaCl2/3-d and NaCl 3d. At -1.0 MPa the best GP were 46 and 50% for 3d with NaCl and CaCl2 respectively without germination in control treatment. At 12°C and -1.0 MPa the best GP were CaCl 2 /3-d and CaCl 2 /3-d (14 and 10% respectively). It is concluded that at 12°C, the increase in GP would not justify the use of priming. At 25°C priming increased GP and reduced MGT. At -0.7 MPa priming increased germination, while at -1.0 MPa the increase is not agronomical considerable. At 12°C and -1.0 MPa the increase of germination is not agronomical important.
Introduction
Among the main constraints for melon (Cucumis melo L.) cultivation are extreme temperatures and salinity. Seeds require temperate temperatures to germinate (Wien 1997) , with a minimum of 15°C (Nelson and Sharples 1980) . Even temperatures below 20°C during or after planting will conduce to an asynchronous emergence and crop growth (Korkmaz et al. 2005) .
Soil salinity can affect germination and the subsequent growth of the seedlings. Studies have shown that the highest sensitivity occurs during germination and initial growth, while between the advanced vegetative growth and harvest is tolerant to salinity (Franco et al. 1993; Sivritepe et al. 2003) . Reduction of germination is a consequence of water potential (Ψ) decrease (DaszkowskaGolec 2011; Mahajan and Tuteja 2005) and toxic effects of ions (Na + and Cl -mainly) (Shabala and Cuin 2007) . Seed priming is a pre-sowing treatment that improves seed performance with a faster and synchronized germination under optimal and sub-optimal conditions (Heydecker and Coolbear 1977; Sivritepe et al. 2003) . In this physiological treatment seeds are partially hydrated and radicle emergence does not occur (Chen and Arora 2013; Ibrahim 2016 ). Partial hydration is sufficient for the occurrence of numerous physiological processes typical of the first stages of imbibition (pre-germinative metabolism) (Paparella et al. 2015) .
There are different priming methods depending on the way in which seed hydration is controlled, the most common are: pure water and re-drying to original moisture content (hydropriming), osmotic agents that limit water uptake (osmopriming) and a solid matrix (matric priming) (Ibrahim 2016) . Although hydropriming is a simple method, the main disadvantage is the difficulty of limiting the abrupt absorption of water (Debbarma and Das 2017; Shukla et al. 2018) . Osmopriming, which consists in the use of osmotic agents or salts, is an easy, cheap and effective method (Ibrahim 2016 ).
Where n is total number of seeds germinated during the experiment and N is total number of seeds.
Mean germination time (MGT) was obtained based on the equation reported by (Florez et al., 2007) :
Where n= number of seeds germinated on day D and D= number of days counted from the beginning of germination
Experiment 2: Effect of priming on melon germination under saline stress
Priming was performed as in previous experiment. After priming, seeds were put to germinate in the germination chamber at 25°C (± 0.5°C), 45% relative humidity and darkness, between two filter papers, in Petri dishes, and soaked with two different Ψo NaCl solutions: -0.7 and -1.0 MPa, considered as moderate and severe saline stress respectively (Loomis and Connor 2002) . NaCl solutions were prepared following Van't Hoff equation. Non-primed seeds (control) were put to germinate in both Ψo. GP and MGT were calculated using equations (1) and (2) above, respectively.
Experiment 3: Effect of priming on melon germination under low temperature and saline stress
The two treatments of previous experiments in which the best germination behavior was recorded were chosen. After priming seeds were put to germinate in the germination chamber at low temperature (12°C) and high salinity (-1.0 MPa), at 45% relative humidity and darkness. GP and MGT were calculated as in the previous experiments.
Statistical analysis
In all experiments 5 replicates with 10 seeds per treatment were used in a completely randomized design. Data obtained were analyzed using Tukey's test at 0.05 confidence level, with Infostat version 2008 (Di Rienzo et al. 2008 ).
Ethical approval:
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The objective of this work was to compare the effect of different osmotic agents and priming durations on germination of melon seeds under low temperature and saline stress.
Methods
Seeds of Honeydew melon (Cucumis melo L. var. inodorus Naud.) were used in three experiments to determine the effect of different osmotic agents and priming durations on melon germination under: 1) low temperature stress; 2) saline stress; and 3) low temperature and saline stress.
Experiment 1: Effect of priming on melon germination under low temperature stress
Four osmotic agents were evaluated for priming treatment: 1) polyethylene glycol 6000 (PEG); 2) KNO 3 +K 3 PO 4 ; 3) CaCl 2 and 4) NaCl. The concentration of the osmotic agents was calculated to reach an osmotic potential (Ψo) of -1.5 MPa, according to the Michel & Kaufmann equation (1973) for PEG and Van't Hoff equation (Shabala and Munns 2012) for the salts.
Priming was performed in a culture chamber (Semedic I-500 PF) at 25°C (± 0.5°C), 45% relative humidity, darkness, and without aeration. Seeds were surface-sterilized in a 10% sodium hypochlorite solution for 10 min, washed with deionized water and then placed between two filter paper (Whatman N o 1), in 8.5 cm diameter Petri dishes, and soaked with the osmotic solution (PEG, KNO 3 +K 3 PO 4 , CaCl 2 or NaCl) in a ratio of 1:5 (weight:volume) (Farooq et al., 2013) . Two priming durations were studied: 3 and 6 days (d) (Nascimento 2003) . After treatment seeds were removed, rinsed three times in distilled water, air-dried at 25°C for 24 h to reduce the moisture content to <10 %, and put to germinate between two filter paper, soaked with distilled water in a ratio of 1:5 (weight:volume). Seeds were separated into two groups in germination chambers (Semedic I-500 PF) with different temperatures: 12 and 25 °C (± 0.5°C), 45% relative humidity and dark. Non-primed seeds were use as control and put to germinate in both temperatures. Germination was recorded daily during 8 days (ISTA, 2013) .
Germination percentage (GP) was determined according to ISTA (2013) :
(1) PEG/3-d and NaCl/3-d and NaCl/6-d had 98% GP. Increase in germination speed at 25°C after priming, resulted in MGT reduction. Since this parameter considers only germinated seeds, it must be analyzed in relation to the GP. The best agronomic results (high GP and low MGT) were recorded with CaCl 2 3 and 6d (Figure 1 ).
Experiment 2
At -0.7 MPa, all priming treatments increased GP. The highest values (100%) were obtained with NaCl 3d and CaCl 2 3d. In these treatments MGT had a significant lower value. The negative effect of salinity on melon germination 3 Results
Experiment 1
At 12°C a slight increase in GP was registered in all priming treatments. Germination of control was null, which confirms the inhibitory effect of low temperatures. The treatments with highest GP were CaCl 2 /3-d and NaCl/3-d, with 14 and 10% GP respectively (Table 1) .
At optimal germination temperature (25°C) priming led to an increase in GP. The highest GP (100%) was obtained with CaCl 2 /3-d, which represents an increase of 16% respect to control. Then, treatments with CaCl 2 /3-d, 
Discussion
Priming conditions were chosen according to Nascimento (2003) , who studied the effect of different priming conditions on melon germination at 17 and 25°C. He performed priming at different durations (3, 6, 9 and 12 d) and Ψo (from -1.0 to -1.5). The best response was registered with 3 and 6 d duration and Ψo between -1.3 and -1.5 MPa. The author did not register difference between treatments with or without aeration. Ψo less than -2.0 MPa can lead to seed damage (Bradford 1986) , while Ψo next to 0 MPa could cause germination during treatment. The choice of parameters to evaluate germination, GP and MGT, was based on the importance of the information they can contribute. GP gives information about ability to germinate of a seed lot, but lacks information about the was evident due to the low GP of control (26%). At severe, saline stress (-1.0 MPa) CaCl 2 and NaCl priming allowed an increase in GP. Prolongation of priming duration led to a GP decrease in these treatments (Table 2) .
Experiment 3
The treatments of previous experiments in which the best germination behavior was measured were CaCl 2 and NaCl at 3 and 6d (Tables 1 and 2 ), so they were used to evaluate the priming response to low temperature (12°C) and severe saline stress (-1.0 MPa). CaCl 2 and NaCl 3d were the only treatments in which was observed a significant difference, although the highest GP values were 10% for these treatments (Table 3) . with the activation of antioxidant systems and proline accumulation. Similar measurements were also registered in pepper (Aloui et al. 2014) . In maize (Zea mays L.), CaCl 2 priming increased germination at high temperature and plants had a higher yield (Mahboob et al. 2015) . Although the beneficial effect of priming on melon germination at low temperature has been reported by several researchers (Dhillon 1995; Nascimento and West 2000; Nerson and Govers 1986; Singh et al. 2001) , there is no information about the application of this treatment at a temperature as low as 12°C. The GP increase (14 and 10% for NaCl/3-d and CaCl 2 /3-d respectively; Table 1 ) has no agronomic importance to justify the use of this technique in such adverse condition. These results suggest that priming could not enhance pre-germinative metabolism. As low temperature can reduce enzyme activities, and affect the synthesis of hormones related to germination (Xu et al. 2017 ), the result is low germination.
In the experiments where the temperature was within the optimum range, priming increased GP and reduced MGT. The best agronomical combination of high GP and low MGT were obtained with CaCl 2 /3-d and CaCl 2 /6-d. Similar results about priming response at optimal temperatures were reported in other species (Basra et al. 2004; Chilembwe et al. 1992; Passam et al. 1989 ).
An important aspect for a uniform establishment of seedlings is seed vigor. Some authors indicated that priming would increase vigor, which could have been reduced during storage due to an inadequate humidity or temperature (McDonald 1999; Sánchez et al. 2001 ). In such situation the increase of vigor allows to increase germination speed and synchrony (Nascimento 2003; Sivritepe et al. 2003) . A rapid and uniform germination enables a rapid establishment of plants (Bewley 1997) .
The effect of priming on melon germination in saline stress has been reported by several researchers (Guzmán and Olave 2006; Nascimento 2002; Sivritepe et al. 1999 Sivritepe et al. , 2005 Sivritepe et al. , 2003 there is little information about comparisons of different osmotic agents and priming durations as performed in these experiments. At -0.7 MPa CaCl 2 and NaCl/3-d registered the highest GP and reduced MGT (Table 2) . These results are relevant if the importance of obtaining a rapid crop implantation is considered again. At -1.0 MPa the highest GP values were obtained with CaCl 2 /3-d and NaCl/3-d (50 and 46% respectively). From a practical point of view, these values of germination would represent an excessive cost of implantation, so the use of this technique would not be justified in such Ψo. The use of primed seeds would allow direct sowing in a saline soil (Sivritepe et al. 2005) , although results suggest that stress should not be severe.
start, rate and uniformity of germination (Joosen et al. 2010) . In cucurbits, MGT has been proposed as a quick and reliable test to measure seed vigor and predict the rate of emergence, final emergence and uniformity (Mavi et al. 2010) .
Respect to the osmotic agents used for the experiments, PEG is more commonly used as Ψo lowering agent because its nontoxic nature and large molecular size, which prevents absorption by seeds during soaking (Jisha et al. 2013) . However PEG solutions are highly viscous and restricts oxygen transfer and removal of the seeds after priming (Brocklehurst and Dearman 1984) . Due to these disadvantages of PEG, research has focused on the use of other compounds without these limitations (Paparella et al. 2015) . Inorganic salts are easy to manipulate and remove from seeds, in addition to ensuring oxygenation during priming (Mauromicale and Cavallaro 1997; Smith and Cobb 1991) besides being less expensive (Yoon et al. 1997) .
Some advantages of priming with the inorganic salts used in the experiments have been reported for various species. In the case of NaCl priming, İşeri et al. (2014) , working con tomato seeds (Solanum lycopersicum L.), registered an increase in GP and reduction of MGT in saline stress. In tomato plants, from primed seeds, a proline accumulation and a higher Na + and Cl -concentration in roots were reported (Cayuela et al. 1996; Cuartero and Fernández-Muñoz 1998) , which increases the osmotic adjustment capacity of plants. On the other hand, and as a long term effect, Cano et al. (1991) observed that seed priming with 1M NaCl solution during 36 h, led to a yield increase. Priming of pepper seeds (Capsicum annuum L.) allowed an increase in germination and seedling establishment in a saline soil (Khan et al., 2009) .
In lettuce (Lactuca sativa L.), priming with KNO 3 increased germination in salinity stress (Mahmoudi et al. 2012) . In tomato, Mauromicale and Cavallaro (1997) , studying the effect of priming on germination at sub-optimal temperatures, compared KNO 3 +K 2 HPO 4 with PEG, and observed that potassium salts increased synchronization of germination. Similar results with potassium salts were obtained in pepper (Venkatasubramanian and Umarani 2007) and celery (Apium graveolens L.) (Salter and Darby 1976) .
Priming with CaCl 2 is justified due to its role in membrane integrity and permeability and cofactor of many antioxidant enzymes (Patade et al. 2009; Yousof 2013) . Joshi et al. (2013) , studying the effect of CaCl 2 priming of cucumber seeds (Cucumis sativus L.) in germination and initial growth of plants in salinity stress, proposed that the positive response observed could be associated When both priming durations are compared, generally prolongation of priming duration from 3 to 6 d resulted in lower values of GP (Table 2) . This may be due to the extending of phase II of imbibition, that causes a reduction of seed reserves (Bradford 1995) .
At low temperature (12°C) and severe saline stress (-1.0 MPa) all priming treatments allowed germination although in very low values (Table 3) . GP reached 10% in the best treatments (CaCl 2 /3-d and NaCl/3-d), so in such conditions priming lacks of agronomic application.
Conclussions
Temperature of 12°C was adverse for melon germination and priming couldn´t reverse this inhibitory effect. At 25°C the best germination was obtained with CaCl 2 and NaCl at 3 days of priming durations with GP increase and MGT reduction.
